INTRODUCTION
Mast cells are usually classified as two subsets, namely mucosal mast cells (MMC) and connective tissue mast cells (CTMC), depending on their tissue distribution, histochemical properties and cytokine dependency [1] . Mast cells contain chymotrypsinlike (chymase) and trypsin-like (tryptase) neutral serine proteases (mast cell proteases; MCPs) in their granules [2] [3] [4] . MCPs can also be used as the phenotypic markers of MMC and CTMC [5, 6] because ofthe markedly different tissue distributions. Mouse MCP (mMCP)-l to mMCP-5 are chymases and mMCP-6 and -7 are tryptases [6] [7] [8] [9] [10] [11] [12] , and their expressions are restricted to particular subtypes and/or maturation stages of mast cells [6, 13] . Similarly, rat MCP (rMCP)-1 and -2, are defined as specific chymases for CTMC and MMC respectively [14] [15] [16] . Rat tryptase was purified from peritoneal mast cells, a representative of CTMC [17] . In mice and rats, tryptases were not detected in MMC by RNA blot analyses nor by enzyme histochemistry, whereas tryptases and certain chymases were expressed in CTMC [18] [19] [20] . Recently we found that mast cell subsets of Mongolian gerbil, Meriones unguiculatus, were quite distinct from those of mice and rats in terms of histochemical properties of granular proteoglycan [21] and protease activities [22] . Of most interest was that MMC in the jejunum of gerbils had tryptase activity [22] . We also found that Mongolian gerbils were unable to expel Strongyloides ratti [23] or Strongyloides venezuelensis [24, 25] , expulsion of which from the intestine was known to be entirely dependent on MMC in mice and rats [26] [27] [28] [29] [30] . Therefore, incapability of gerbils to expel particular intestinal nematodes might be related to the unusual phenotypic expressions, including proteases, of mast cell subsets of this animal. Here we report that mRNA was preferentially transcribed in the intestinal mucosa and to a far lesser extent in the connective tissue such as skin and tongue. Moreover, kinetic study after infection revealed that the amount of gMCT mRNA in the small intestine correlated well with the degree of intestinal mastocytosis. Throughout the course of infection, enzyme-histochemically detectable tryptase activity was limited to mucosal mast cells. Since mucosal mast cells of other rodents, including mice and rats, do not express tryptases, this is the first report of rodent mast cell tryptase expressed in the intestinal mucosa.
cDNA of gerbil mast cell tryptase (gMCT) was successfully cloned and sequenced from the jejunum of Mongolian gerbils infected with Nippostrongylus brasiliensis, a potent inducer of MMC in rodents including gerbils. The mRNA was preferentially detected in the intestinal mucosa and to a far lesser extent in the skin and tongue.
MATERIALS AND METHODS DNA and RNA extraction Genomic DNA was purified from liver of an 8-week-old gerbil by SepaGene (Sanko Junyaku Co., Ltd., Tokyo, Japan) according to the manufacturer's protocol. Total RNAs were extracted by ISOGEN (Nippongene, Tokyo, Japan) from small intestine, skin and tongue of 8-10-week-old gerbils before and 7, 10, 14 and 21 days after infection with N. brasiliensis. Poly(A)+ RNA selection was performed by oligo(dT) latex (Oligotex-dT30; Nippon Roche, Tokyo, Japan).
Reverse transcription PCR (RT-PCR) cloning and sequencing A 1 ,ug amount of poly(A)+ RNA extracted from gerbil small intestine infected with N. brasilensis was reverse-transcribed by random hexamer [pd(N)6] and SuperScript reverse transcriptase (Life Technologies, Inc., Gaithersburg, MD, U.S.A.). The resulting cDNA was subjected to PCR for 30 cycles with the primers (Figure la, P1 and P2, sequences of which are shown in the Primers and anchor section) designed in the well-conserved regions of known mast cell tryptase cDNA sequences [9, 12, [31] [32] [33] [34] . The P1 primer sequence is absolutely conserved RT-PCR products
5' RACE products Figure Ic , sequences of which are shown in the Primers and anchor section). These RACE products were also purified, cloned and sequenced as-described above., ... ..EP ****** *** ********* * ********* **** ** ******* ******* *** Figure 3 Comparison of the deduced amino acid sequence of gMCT with those of other known mast cell tryptases 
Southern blot analysis
In Southern blot analysis under high-stringency conditions (Figure 4) , two apparent DNA fragments were detected regardless of the restriction enzymes used. Since the probe used has no internal restriction sites and since the corresponding region is thought not to be divided by insertion of an intron [9, 12] (Figure Sb) . Throughout the course of infection, enzymehistochemically detectable tryptase activity was limited to mucosal mast cells as described below.
Enzyme histochemistry
By Alcian Blue and Safranin 0 staining, the number of gerbil intestinal mast cells did not change significantly on day 7 after infection, increased to reach a peak on day 14 and then decreased gradually for the next several weeks as described previously [21] . By enzyme-histochemical staining for tryptase, all mast cells in the intestinal mucosa showed strong positive activity regardless of the time of infection. These results are consistent with the kinetic changes in the amount of gMCT mRNA during infection (Figure 5b ). Typical staining patterns are shown in Figure 6 .
DISCUSSION
In the present study, we successfully cloned and sequenced gMCT cDNA and demonstrated the functionally active gMCT protein in mast cells of intestinal mucosa. From the deduced amino acid sequence of the gMCT cDNA, the sequence similarity with mMCP-7 (88.2 %) was far higher than that with mMCP-6 (74.3 %) or mast cell tryptases of other species. The gMCT cDNA had an extremely long 5' non-coding region like mMCP-7 [12] and a 'ccaa' sequence immediately upstream of the intiation ATG codon (Figure 3, doubly underlined) , which may be a consequence of a mutation in the 3' acceptor site of the first intron, as in mMCP-7 [12] . The gMCT had a potential N-glycosylation site, Asn2 , which is found only in mMCP-7. Therefore, the gMCT reported here seemed to be an analogue of mMCP-7 rather than mMCP-6. While mMCP-6 is predominantly expressed in murine CTMC, mMCP-7 is thought to be rather a minor transcript. The mMCP-7 gene is transiently transcribed during the culture of bone marrow-derived immature mast cells but not transcribed in mature MMC in vivo [12] . Furthermore, the mMCP-7 gene was expressed exceptionally in the CTMC of Balb/c mice but not in other strains [13, 40] . In contrast to mMCP-7, the gMCT gene was [11] . Therefore, tryptases and chymases have a distinct mechanism of activation [34] . Based on the rules of von Heijne [41] , mMCP-6 and -7 each has a predicted cleavage site at residue -11 for the hydrophobic signal peptide followed by 10 amino acids of activation peptide [9, 12] . Vanderslice et al. [34] proposed that the cleavage site of dog mast cell tryptase and dog mastocytoma protease was perhaps at Pro-" or Gln-4. However, all other known mast cell tryptases including gMCT, except for mMCP-6 and -7, do not have a defined cleavage site at residue -11 for a signal peptide, by the rules of von Heijne. Because Thr-4 for mMCP-7 and Gln-4 for mMCP-6 and mast cell tryptases of other species satisfy von Heijne's rules, the cleavage site for the signal peptide of all mast cell tryptases might be residue -4. The mature enzyme of all known mast cell tryptases has an N-terminus IVGG sequence, whereas that of mast cell chymase has IIGG [9] . The N-terminus of the mature enzyme deduced from gMCT cDNA also has IVGG. Therefore, in general, mast cell tryptases have a consensus sequence of GIVGG at residues -1 to 4, whereas mast cell chymase has the sequence EIIGG at the same position.
gMCT cDNA was cloned from gerbil small intestine and its mRNA was indeed strongly detected in the small intestine and to a far lesser extent in the skin and tongue. This weakly detected mRNA in the skin and tongue may represent the transcripts of an additional gMCT-like gene in addition to gMCT, because the probe used in this study could detect an additional gMCT-like gene product (Figure 4) . Indeed, both mMCP-6 and -7 were detected in the CTMC of mice [9, 12, 13] . Since gerbil CTMC was enzyme-histochemically negative for tryptase activity [22] , the gerbil CTMC might have a relatively low amount of tryptase or its activity might be inhibited by tryptase inhibitors, such as trypstatin [35, 42, 43] or al-macroglobulin [44] . Further [9, 12, 22] , though they are strongly expressed in both human MMC and CTMC [4, 22] . 
